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ABSTRACT  OP  RESULTS  ■ "IMnotiOB  of  Trtnna  ToKoidn 
A*  Since  start  of  project* 

Studies  on  growth  requirements  of  C*  tetard,and  on  factors  concerned 
in  the  production  of  its  toxin  have  been  going  <m  in  our  laboratory  for  13 
years*  The  original  choice  of  the  strain  was  arbitrary,  since  no  basis  was 
available  for  a more  intelligent  selection*  Traditionally,,  tetanus  cultures  for 
tnrta  production  had  been  wain*  vlned  as  spore  suspensions*  It  was  generally 
believed  that  success  in  obtaining  toxin  depended  upon  this  procedure*  Since 
the  investigation  of  growth  requirements  demanded  an  almost  daily  actively 
growing  seed  culture  the  spore  inooulumwas  not  adopted,  and  daily  transplants 
in  glucose  broth  were  used*  This  plan  has  bem  followed  throughout  the  work* 

It  resulted  over  the  years  in  a culture  which  is  atypical  but  constant  in 
morphology,  and  doss  mot  readily  sporulate*  In  oertain  nutritional  environ- 
ments it  produces  extraordinarily  high  titers  of  toxin. 


The  initial  a '**di?*e  on  growth  requirements  extended  over  2 or  3 years(l)o 
Thera  requirements  were  complex  and  included  at  least  one  substance,  folio  add, 
whi^h  was  recognised  and  named  during  that  time  but  was  not  isolated  or  available 
lr  pure  form  until  later*  When  we  undertook  to  apply  our  information  on  growth 
requirements  to  the  production  of  toxin,  modest  success  was  achieved*  A medium 
Are#  from  * peptones*,  and  adapted  to  large  scale  production  gave  yields  of  toxin 
on  tbs  borderline  of  acceptability  undar  National  Institute  of  Health  Standards(2)* 
Attempts  to  Improve  yields  by  variation  of  nutritional  composition  within  the 
known  framework  of  growth  requirements  failed,  and  eventually  ware  abandoned,  and 
an  opposite  approach  was  undertaken*  The  plan  was  to  seleot  a complex,  peptone- 
containing  mediae  upon  which  mere  powerful  toxin  could  be  obtained  and  to 
attempt  to  characterise  tLs  essential  chemical  components  of  this  medium* 

Per  this  purpose*  the  medium  which  was  being  used  for  tetanus 
production  at  the  Connougfct  Laboratories  In  Toronto  seemed  suitable*  It  was 
prepared  from  antolysed  nog  stomach;  ssd  through  the  esurtssy  of  Dr*  Edith 
Taylor  we  -Learned  the  details  of  its  preparation  and  use*  Yields  of  toxin 
obtained  with  it,  and  with  the  Connought  strain  of  the  tetanus  bacillus,  were 
2 er  3 times  those  obtained  in  cor  laboratory  with  the  peptone-free  medira. 

Hessrsr,  whoa  oar  &m  strain  was  tried  on  the  hog-etoaaoh  vedltm,  toxin  of 
several  tins  this  potency  resulted*  It  was  at  first  assumed,  - on  insufficient 
evidence,  - that  the  peptic  type  of  digestion  occurring  during  the  autdysia  of 
hog  stomach  was  an  essential  feature  of  the  medium*  Later,  it  was  loomed  that 
a pancreatic  digest  of  casein  oould  replace  the  bog-stomaoh  and  offered  oertain 
obvious  advantages  over  the  latter*  Digests  prepared  In  ear  own  laboratory,  as 
as  various  conardaX  preparations  have  bean  sxtlsfaotozy,  although  variable. 
Through  the  courtesy  of  the  Sheffield  Fame  Company,  wa  have  had  adequate  amounts 
of  suitable  lots  of  their  preparation,  "N-Z-C^se*,  for  cheat  oal  investigation* 

The  mediae  is  composed  of  ossein  digest,  beef  'oust  infusion,  glucose, 
additional  vitamins,  cystine  and  tyrosine,  and  inorganic  salts*  It  is  now 
rather  generally  alloyed,  together  with  our  strain  of  the  tetanus  bacillus,  by 
amnfaoturars  of  phamsooutieals  in  this  country  and  many  European  laboratories  * n) 


Agmor  cr  mms>  (eon*.)  - •Mattie  of  tutsans  Tumid* 

Af*?r  leagv<v  and  generally  unprofitable  exploration  of  * niMgr 
of  methods  of  AmmiLyaatlan*  it  finally  proved  possible  to  separate  the  digest 
by  means  of  nrreradbla  veins  Into  sold,  buia  cad  neutral  fractions  which* 
when  canedaed  added  to  oultare  meditm  yielded  satisfactory  titers  of  toarta  • 
fodsslon  or  cay  of  the  three*  or  substitution  of  the  predasts  of  cold  hydrolysis 
of  cay  of  the  three  IVr*  +be  corresponding  original  fraction  restated  la  failure 
of  toxin  f osmaUon* 

The  bedo  fraction*  ecldng  op  cboet  20jl  of  the  total  solids  of  the  digest* 
sasasd  the  simplest  one  with  lUdh  to  attest  farther  separation*  Free  histidine* 
arginine  end  lysine*  as  veil  se  peptides  of  each*  vers  present.  Silver  precipita- 
tion by  oonrentianal  nsthods  effected  e reasonably  satisfactory  separation.  The 
erginina  and  lysine  fraaweos  were  respectively  replaceable  by  pore  tree  amino 
colds  but  free  histidine  did  not  replace  the  corresponding  fraction  from  the 
digest*  The  letter*  by  paper  ohromatogrepty*  revealed  the  pressnoe  of  several 
peptides  containing  histidine.  These  were  asperated  to  a considerable  degree 
on  Doves  $0  ooltmms  by  the  method  of  Hlrs*  Moore  end  Stein.  After  evaporation  and 
removal  of  anaaoniu*  acetate  buffer  by  sublimation  the  re  si  deal  peptides  were 
tested  for  toxin  production  by  adding  to,  an  otherwise  complete  medium.  It  oould 
be  shown  that  each  of  the  histidine  containing  fractions*  when  added  In  suitable 
—nut  was  oapabla  of  supplementing  satisfactorily  the  deficient  medium  and  that 
a powerful  toxin  was  obtained.  The  most  obvious  explanation  for  this  phenomenon 
seemed  to  be  that  histidine  In  peptide  union  was  for  soma  reason  essential  to 
the  toadiHfondng  function  of  the  tetanus  bsclllna.  Since  the  various  peptide 
frastiens  differed  widely  as  to  the  other  oonetitnents  there  vas  no  evidence  for 
e specific  linkage*  Threap  the  courtesy  of  Dr.  du  FLgneand  it  vas  pnsslhls  to 
test  a fnr  synthetic  histidine  dipeptides  and  to  find  that  each  of  these  la 
suitable  quantity  vac  aa  affective  as  the  naturally  ooouxrlng  materials. 


b*  During  ourivnt  report  period! 


to  iyove  and^  regtid&rlae^  toxin  yielda  on  baaio  media 


(1)  Kfforte  to 


The  frustrating  element  in  ell  our  work  with  tetanus  has  been  the 
dquto-dy  (or  month -to  month)  variation  in  yields  of  toarln  an  the  besle 
fro  tubes  of  this  medium  ere  Included  in  eeeh  experiment  es  “positive  controls** 
Tbo  often  the  toxin  titer  of  these  tubes  fails  to  earns  up  to  expectation  and 
consequently  the  interpretation  of  the  rust  of  the  experlmmt  is  iryoesible.  Xt 
has  always  been  nesses  ary*  beoanss  of  this  fact*  to  repeat  several  times  every 
experiment  which  seems  significant.  The  seme  variation  in  titers  obtained  in 

aijieil mails  have  been  carried  out  during  the  current  year  directed 
tomard  ell  ml  nation  of  thia  variation*  Soma  improvement  aeama  to  have  been 
eohleved  but  there  still  remain  alusivi  variables*  perhaps  Inherent  la  tbs 
tetanus  strain  itself  sad  dleoourtglrig  differences  in  yield  still  oosur* 
within  the  medium  which  hove  received  particular  scrotlsy  Include  the  folloidag 
(•)  inhibitory  materials  preeent  in  the^tryptio  digest  of  casein*  (b)  quantity* 
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(a)  Tryptic  dlgeste  of  oa*«in  vary  in  efficacy  when  used  in  the  medium. 

At  least  some  or  this  variation  seems  due  tr  the  presence  of  materials  inhibitory 
in  sane  way  to  toxin  formation*  These  have  not  been  identified,  but  there  is 
some  evidence  that  traces  of  fatty  acids  or  other  lipoidal  material  is  concerned. 
Empirically,  we  have  employed  charcoal  adsorption  to  remove  these  substances, 
in  spite  of  obvious  objections  to  such  a procedure.  During  the  year  we  have 
replaced  this  method,  with  resulting  Improvement  in  toxin,  by  a method  devised 
at  the  New  York  State  Laboratories  (U)  which  consists  in  forming  a precipitate 
of  calcium  phosphate  in  a 20$  solution  of  the  tryptic  digest  at  100”  and  about 
pH  9-10,  which  is  then  filtered  off.  The  precipitate  evidently  adsorbs  the 
inhibitory  material.  The  method,  however,  has  the  theoretical  disadvantage  that 
bol.llng  a mixture  of  amino  adds  and  peptides  at  pHIO  seems  pretty  drastic,  and 
the  practical  disadvantage  that  pHIO  is  not  readily  determined  either  by 
indicator  or  glass  electrode,  so  that  the  procedure  is  difficult  to  reproduce 
exactly.  In  recent  weeks  we  have  adopted  a third  device  based  on  casual  ob- 
servations over  a long  period.  This  consists  in  forming  in  the  cold  a rather 
heavy  precipitate  of  in  the  tryptic  digest  solution,  and  centrifuging  it 

off*  A 10$  solution  of  digest  is  mixed  with  half  its  volume  of  odd  saturated 
Ba(GH>2  and  lansdlately  neutralised  with  about  0*5  N H^SOv.  The  precipitate, 
usually  colloidal  at  the  neutral  point,  is  caused  to  "creak"  by  the  careful  addi- 
tion of  strong  HgSOjj  a drop  at  a time,  rod  than  centrifuged  perfectly  dear. 


AH  three  of  these  methods  would  probably  remove  fatty  aside*  The 
charcoal  method  probably  removes  significant  quantities  of  essential,  components, 
and  perhaps  fails  to  remove  all  inhibitory  materials  at  "safe"  levels*  Both  the 
oalnitBi  phosphate  and  the  BaSOj,  method  permit  increasing  the  concentration  of 
the  resulting  digest  in  the  medium  from  1*5$  (giving  optimal  results  in  the 
charcoal  method)  to  2*25$,  with  Increased  yields  ef  toxin,  - (from  80-100  Lf 
with  charcoal  treated  NZC  to  120-130  If  end  occasionally  even  tip  to  160  Lf). 
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3 mg  per  20  ml  of  meditm  gives  optimal  results.  Other  brands  of  reduced  iron 
have  Invariably  been  inferior*  Spectroscopic  examinations  and  many  experiments 
wit*  other  trace  metals  have  provided  no  due  to  the  difference.  The  a ddition 
of  exactly  3 mg  of  this  powder  to  each  of  a series  of  20-30  tubes  of  medium 
making  up  an  experiment  poses  a technical  problem  which  we  have  not  thus  far 
solved*  The  difficulty  Is  increased  when  we  employ  5 ml  of  medium  instead  of 
20  ml  in  order  to  conserve  valuable  fractions  of  tryptic  digest*  The  required 
0*75  mg  of  2b  simply  cannot  be  weighed  and  transf  erred  with  precisian*  Soluble 
ircr.  salts  are  act  satisfactory.  A good  dad.  of  time,  during  the  year,  has 
been  devoted  to  attempts  to  prepare  Fe-oontaining  tablets*  Colleagues  at  the 
Massachusetts  Collage  of  Hurmacy  have  been  most  helpful*  As  "fillers"  we  have 
tried  lactose,  glucose,  gelatine,  edits  and  aluminum  silicate  in  various  com- 
binations. Hons  of  these  have  been  as  effective  as  the  pure  iron  powder.  Of 
course  tide  technical  difficulty  does  not  exist  In  large-scale  work  where 
considerably  larger  amounts  of  Fe  nay  be  weighed  and  transferred  with  negligible 
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(e)  Concentrations  and  proportions  of  various  ingredients  of  medium*  The 
inorease  of  concentration  of  tryptic  digest  made  possible  by  the  Ca  ox*  the 
Be  treatment  made  it  neoeasary  to  re-examine  the  concentration  of  all  other 
components  to  make  certain  that  none  became  limiting*  Slight  increases  in 
glucose*  K and  Mg  seemed  indicated  and  some  decrease  was  made  in  NaCl  and 
H»2H  POjj  in  order  to  keep  the  osmetic  pressure  cf  the  medium  within  reason* 

A curious  relationship  between  cystine  and  uracil  emerged  for  which  we  harm  no 
explanation*  nor  even  aa  yet  a perfectly  clear  understanding*  Omission  of 
uracil  results  in  poor  growth  and  little  toxin*  Addition  of  increasing  quanti- 
ties in  a series  of  tubes  results  in  toxin  titers  rising  along  a reasonably 
regular  curve  and  then  falling  somewhat  as  more  uracil  is  added.  The  amount 
giving  the  beet  result  seems  to  vary  with  the  concentration  of  cystine*  However* 
if  really  excessive  quantities  of  uracil  are  added  the  effect  of  cystine  is 
negligible  and  it  may  even  be  omitted  entirely,  but  toxin  titers*  though  good, 
have  never  reached  levels  obtained  with  smeller  amounts  of  uracil  and  careful 
adjustment  of  cystine*  This  type  of  quantitative  relationship  may  exist  between 
other  components  of  the  medium  although  many  experiments  designed  to  bring  it 
to  light  have  failed  to  do  so* 


(d)  The  strain  of  G*  tetani  is  unstable  and  our  methods  of  carrying  it  are 
probably  not  optimal.  'Considerable  effort  has  gone  into  attempts  to  improve  this 
routine*  thus  far  with  no  notable  progress*  We  maintain  a stock  of  dry-ice 
frozen  cultures  for  emergency  use  when  the  passage  culture  appears  atftult*  and 
the  New  York  State  Laboratories  maintain  a stock  of  lyophyllaed  tubes  of  the 
strain*  It  would  be  useless  to  detail  the  various  expedients  we  have  tried*  but 
we  simply  point  out  that  the  matter  has  received  and  will  continue  to  receive 
experimental  attention. 


(e)  Technical  errors  In  setting  up  these  complicated  experiments  seem  impossible 
to  avcI3E  The  basic"* medium  is  prepared  from  about  15  stock  tolutions.  We  attempt 
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a considerable  period  of  time,  and  to  replace  each  with  a new  solution  which  is 
cheeked  against  the  bid  one  before  it  is  entirely  exhausted*  Every  experiment 
(usually  one  a day)  consisting  of  10  to  30  tubes  of  medium*  each  varying  frees 
the  others  in  concentration  of  one  or  more  ingredients*  implies  an  hour  or  some- 
what more  of  extremely  careful  pipetting*  A few  interruptions  during  this  time 
can  thoroughly  wreck  the  experiment*  If  we  become  aware  of  an  error*  of  course* 
it  Is  rectified  even  if  it  means  throwing  out  the  whole  business  and  starting 
over*  If  wo  do  not  detect  it*  the  experiment  is  completed,  eventually  inoculated* 
held  Is  the  water  Math  for  five  days  and  z xocctua tions  carried  out  to  measure 
toodn  yields*  At  this  point  if  the  results  are  low*  irregular  or  entirely 
absurd,  we  can  only  ask  ourselves  (1)  did  we  make  a mistake  (2)  was  a solution 
wrong  (3)  has  the  toodgenioity  of  the  strain  fallen  off  or  (U)  - at  this  point 
there  is  an  inclination  to  invoke  the  metaphysical* 


Obviously  we  make  every  effort  to  avoid  mistakes  in  pipetting  and 
measuring*  As  often  as  it  is  practicable  we  work  together  at  this  part  of  the 
experiment*  one  pipetting  end  one  checking*  As  the  experiments  become  more 
oonplex  and  of  the  type  to  be  considered  in  the  next  part  of  this  report*  in 
which  tryptic  digest*  instead  of  being  added  as  a single  solution  is  replaced 
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by  a series  of  amino  adds  and  peptide  fractions,  the  difficulty  increases. 

Each  experiment  la  repeated  several  times  and  only  when  a aeries  of  entiroly 
consistent  results  are  obtained  do  ve  foal  safe  in  concluding  that  the  point 
under  Investigation  has  bean  established, 

(?)  Farther  eff parts  to  characterise  -the  add-labile  components  of  tryptio 
digest  ofcsaeln  esBcn&STln  toxin  formation. 

Far  oonrenlenoe,  let  us  assume  that  the  tryptio  digest  has  bean 
separated  tar  means  of  reversible  resins  into  an  soldo  fraction  (A),  a basin 
fraction  (B)  and  a neutral  fraction  (C),  This  has  been  accomplished  batched ss 
by  methods  devised  too  or  three  years  ago  involving  two  resins  and  three  steps, 
and  by  mans  of  a f racticn-collector  and  a single  r eeia  during  the  current  year* 
^be  latter  method  is  certainly  more  convenient  and  probably  superior  to  the 
former.  Details  do  not  seem  pertinent  to  this  sunoazy  but  of  course  are  available 
to  anyone  interested. 

Fraction  B,  as  stated  in  the  introduction,  sans  to  bo  fully  elucidated, 
Zt  Is  adsquaieliy  replaoed  in  the  presence  of  A and  B by  argindns,  Irsine  and 
g7ycyl^stidine,  or  by  several  other  peptides  of  histidine,  Ve  at  first  under- 
took to  compare  quastitlvely  the  effect  of  several  histidine  peptides  and 
devoted  a great  deal  of  tins  to  the  preparation  of  a series  of  these  compounds, 
since  they  were  nowhere  available.  Nodi  of  this  effort  mas  masted  through  our 
inesperlenee  with  this  type  of  organic  preparation  and  through  unfortunate  ehoios 
of  methods,  later,  with  the  generous  cooperation  of  Drs,  Max  Bovandek  (formarly 
of  this  department)  and  Ernest  Borsk  me  obtained  fair  yields  of  three  such 
peptides  in  their  laboratories  at  the  Brooklyn  Veterans  Administration  Hospital, 
Still  later  wo  prepared  a really  adequate  amount  of  glyeyl  -histldim  via 
ohloroaoetyl-lilstldlnB  and  KHbOH,  the  general  method  used  ty  Oreenstein  (*>)  for 
other  glycyl-peptides,  though  not  used  by  him  for  the  histidine  derivative,  V# 
Sound  that  the  ohlrtwwwhi'l  < raajjlr  e* 

Used  by  fractionation  of  the  erode  reaction  mixture  on  a resin  and 

that  the- final  peptide  could  be  similarly  separated  from  by-produci®  after  the 
55|GB  treatment.  Wo  therefore  now  hare  adequate  amounts  of  this  oeotide  for  m ay 
amperimwnta  aid  a method  making  readily  possible  the  preparation  of 
amounts  should  need  arise* 

We  have  decided,  however,  to  defer  quanti  tative  eomparieon  of  a 
variety  of  histidine  peptides  until  it  is  possible  to  use  more  reproducible, 
sad,  if  possible  , syntuotlo  materjels  for  the  A and  the  N fractions.  For  the 
moment,  therefore,  it  appears  that  our  present  knowledge  of  the  B fraction 
le  sufficient  for  our  immediate  purposes. 

Fraction  A makes  up  roughly  20 % of  the  tryptio  digest,  Zt  owes  its 
aeldlo  nature  for  the  most  port  to  the  fact  that  it  contains  all  of  the  phos- 
phorus of  the  casein  (a  phoephoproteln).  only  a small  portion  of  this 
phosphorus  is  inorganic,  the  bulk  of  it  being  combined  in  a relatively  ocjplaac 
peptide  structure  containing  (at  least)  serins,  glutamic  add  and  isoleuuins, 
and  probably  alee  a nember  of  other  mvino  adds.  By  means  of  anion 
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rosins  and  the  f ruction  collector  we  have  convinced  ourselves  that  toadgeni- 
dty  and  bound  phosphorus  are  reasonably  parallel  and  Inseparable  by  that 
neons*  We  are  fairly  certain  that  the  phosphorus  itself  is  not  the  active 
naterial  because  certain  f notions  of  a tryptic  digest  of  beef -heart,  containing 
no  phosphorus,  carry  "A”  activity*  These  fractions  have  not  yet  Wen  studied 
further*  It  is  possible  that  it  is  the  peptide-bound  serine  in  the  A fraction 
of  casein  which  is  the  essential  component*  We  have  synthesized  glycyl-L 
serine  by  Grsensteins  method  and  found  that  it  will  not  replace  the  A fraction* 

It  remains  to  try  other  types  of  serine  peptide  and  to  explore  the  possibility 
of  some  other  type  of  peptide  alone  or  in  combination  with  s erlne*  Again,  we 
plan  to  defer  this  work  until  a better  ft  fraction  substitute  becomes  available* 

Fraction  K represents  the  largest  fraction  of  the  tryptic  digest 
(about  60SO  and  tire  most  complex.  It  o on  tains  most  of  the  "neutral"  amino 
adds  in  free  font  and  large  quantities  of  peptides  of  varying  degrees  of  com- 
plexity* From  early  experiments  on  growth  we  know  that  of  these  amino  adds, 
valine,  leucine,  isoleuolne,  methionine,  serine,  threonine,  phenylalanine  and 
tryptophane  are  either  essential  or  stimulatory  to  growth*  Only  in  the  case  of 
the  last  two  have  we  been  able  to  demonstrate  a direct  relation  to  toxin  forma- 
tion and  to  determine  the  optimal  concentrations*  For  the  others  this  has  not 
yet  been  possible,  perhaps  because  each  occurs  in  such  a variety  of  peptides, 
as  well  as  in  the  ffcee  form,  that  they  are  represented  in  every  sub-fraction 
«if  the  N,  no  matter  how  obtained.  We  hove  been  able  to  show  that  each  (aid  all)  of 
than  can  be  added  in  the  form  of  L synthetic  marine  adds  along  with  the  N frac- 
tion and  that  in  modest  concentration  no  material  inhibition  of  toxin  results. 

This  makes  it  possible  to  subdivide  N in  a variety  of  ways  and  to  test  the  frac- 
tions for  toxin  formation  in  a bade  medium  containing  all  of  these  amine  adds 
and  hence  not  accidentally  deficient  in  one  or  more  simple  known  compounds. 

Pursuing  this  general  plan  ws  have  separated  N into  a series  of  fractions 
qjr  applying  it  to  an  anion  exchange  resin  oouam  and  eluting  it  by  the  displace- 
ment procedure  of  Partridge  (6).  Testing  such  fractions  for  toxin  formation 
shows  activity  mars  or  less  throughout  all  of  them  but  more  pronounced  in  some 
• reas  than  in  others.  This  suggests  the  same  type  of  affect  found  in  tiw  S 
fraction  where  each  peptide  containing  histidine  was  effective  and  may  mean 
activity  with  several  peptides  each  containing  a certain  amino  add.  It  does 
not  sxclnds  the  possibility  that  concomitant  presence  of  two  kinds' of  peptide 
are  essential.  It  also  does  not  exclude  the  possibility  that  the  essential 
— 1 tarlala  are  not  peptide  in  nature  at  - 

Our  next  step  was  to  seleot  a series  of  adjoining  fractions  showing 
the  greatest  effect  on  toxin  formation,  and  to  re-fraotionate  then  through  a 
cation  exchange  resin,  again  by  tbs  displacement  procedure.  The  resulting 
fractions  again  showed  s well  defined  peek  of  activity,  but  paper  chromatography 
readily  dammstrated  the  presenoe  of  such  a variety  of  peptides  that  there  was 
no  possibility  of  a due  as  to  involvement  of  any  particular  amino  add 
component.  Our  next  stop  was  to  undertake  a batter  separation  by  means  of 
the  Sirs,  Stela  and  Moore  elution  method  (7)  using  the  resin  Dowex  $0. 


ABATRACT  OF  RESULTS  (oont.)  - "Production  of  Tetanus  Ttaxoia* 

Somewhat  improved  separation  resulted,  but  the  active  material  remained  com- 
plex on  paper-chromatography. 

We  h?»ve  now  further  separated  this  active  fraction  by  adsorption  on 
and  elution  from  charcoal  columns,  separating  certain  inert  materials,  but 
still  recovering  an  active  fraction  showing  several  components  by  paper 
chromatography*  These  various  steps  have  eliminated  sufficient  inert  solid 
to  sake  an  actual  fractionation  of  the  remaining  active  material  feasible  on 
filter  paper  sheets*  Bast  experience  with  this  method  has  not  been  altogether 
encouraging,  since  (l)  extracts  of  the  filter  paper  itself  seem  to  Inhibit  toxin 
formation  and  (2)  it  does  not  always  seem  possible  to  wash  the  adsorbed  material 
off  the  paper.  However,  by  using  previously  washed  and  treated  paper,  and 
extraction  with  0.01  N Hj^SO^  which  can  readily  be  removed  with  Ba  (QH)g,  we 
have  had  a few  encouraging  experiments.  It  appears  that  the  active  fraction 
moves  rapidly  on  paper,  using  secondary  butanol-formic  acid  as  the  solvent.  The 
experiments  are  now  at  this  point.  For  reasons  to  which  vs  have  alluded  above, 
they  will  have  to  be  repeated  several  times.  If  all  goes  well,  it  may  then  be 
possible,  by  paper  ehraaatograpfagr,  to  obtain  fairly  definite  information  as  to 
the  composition  of  the  active  fraction,  and  to  attempt  somewhat  more  intelli- 
gently a substitution  of  known  peptides  or  other  compounds  for  the  naturally- 
occurring  material* 

This  aspect  has  already  received  a reasonable  amount  of  empirical 
attention.  We  have  tried  a variety  of  peptides  — some  begged,  others  bought, 
aid  others  prepared  by  us.  Hone  have  been  «ffeetlve,  but  the  possibilities  have 
not  been  covered.  A great  deal  remains  to  la  done,  and  if  the  analytic 
experiments  provide  a due,  much  effort  may  he  savedo 
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Inasdiate  and  Long  Ranges  Work  is  at  present  continuing  on  the 
neutral  fraction,  end  on  efforts  to  farther  Improve  the  basic  f omnia  for 
toxin  production*  Our  ultimate  aim  is  the  identification  of  the  rsmolrrlng 
unknown  const  ituenSe  In  the  tryptic  digest  and  in  the  heart  infusion* 
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